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Abstract 
Multi-wire submerged arc welding (SAW) process is conventionally used for long welds with large cross sections in tubular steel 
tower manufacturing. By applying non-vacuum electron beam welding (NVEBW), the number of passes and the heat input can 
be notably reduced. For plate thicknesses of 20 mm or more the continuous appearance of solidification cracks inside the weld 
cross section rouse a great challenge. The fatigue resistance is reduced significantly and the safety of the component cannot be 
ensured. In this paper analytical and experimental investigations are discussed for predicting fatigue life of defective welds.  
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1. Motivation 
The nominal power and the dimensions of wind energy converters have remarkably increased within the last few 
years. The dimensions and weight of components have been enhanced reaching the limits of feasibility for 
manufacturing and installation processes. Beside cutting, forming and handling, these prevailing circumstances 
particularly affect the joining technologies. Welding is the most used technique to connect steel plates and 
components. High-performance processes have become accepted in the manufacturing of tubular steel towers for 
wind energy converters, which possess conventional seam lengths and forms for submerged arc welding. However, 
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with increasing plate thicknesses of the individual tower segments, the weld seams' working processes and quality 
assurance are significantly more time demanding. The seam preparation becomes more intricate, the seam volume 
considerably larger and the implementation of the required tolerances and quality also consumes much time. The 
construction’s throughput times drastically increase. 
 
Fig. 1. Stages of the manufacturing process at the tower manufacturer SIAG Tube & Tower GmbH. 
New high-performance welding techniques are needed to weld thick plates faster and within fewer passes. Thus, 
the development of alternative welding technologies for fast and cost-effective welding of thick plates is of growing 
interest. The mechanical properties of welded components like hardness, ductility, ultimate and fatigue resistance are 
strongly influenced by welding. This is especially true for dynamically loaded structures where welds are the failure 
critical details of the total structure. Beam and hybrid welding reduce the local heat input which results in low 
cooling down rates. This is on the one hand positive for the development of welding distortion but negative for the 
residual stress state and metallurgical processes. Thus, welded components can be regarded from two perspectives: 
one perspective is the welding practice for producing repeatable and economical welds, and the other is design 
requirements concerning the mechanical properties of welds. Recently completed research work within the project 
OPTIWELD funded by the German Federal Ministry for the Environment, Nature Conservation and Nuclear Safety 
deals with the question, how alternative welding techniques can be applied for welding thick plates and how the 
mechanical properties are influenced, both positively and negatively. 
2. Technical aspects of welding thick plates 
2.1. Investigated welding processes and dimensions 
In order to be able to implement the objective of increasing the web width, it is necessary to employ new joining 
technologies. A high potential is offered by non-vacuum electron beam welding in the field of high performance 
joining techniques. The technical equipment for this weld technique is already available at the Institute of Materials 
Science in Hanover and provides the possibility of investigating the NVEBW process with regard to its application 
for welding thick plates of structural steel S355 [1,2]. This technique belongs to the beam welding methods, which 
concentrates the local heat input to the extent that the deep-weld effect with the occurrence of the keyhole is 
developed. This is the important condition for welding thick plate within only one weld pass. At atmosphere the 
electron beam is widen through the scatter of electrons. By varying the distance to the work piece the concentration 
of heat input can be controlled. That is why the weld section of NVEBW can vary from a typical gas metal arc 
welded section to a slender section which is common for beam welding methods. With the opportunity of modifying 
the welding parameters in a wide range, NVEBW offers the possibility to avoid low cooling down times [3]. Not 
only the welding technique is critical for reliable welding results but also the low viscosity of the melt of structural 
steel S355, which tends to form pores. This effect can be prevented by preheating before welding up to temperatures 
of 200°C [2]. 
The basic approach of the project is to keep the positive fatigue characteristics with low notch effects at the weld 
transition by SAW and to widen the root face of the double-V-groove weld from typically 5 mm to 14 mm by 
NVEBW. Fig. 2 depicts the considerable reduction in the joint preparation and the number of weld passes for a plate 
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thickness of 20 mm. For the variation in Fig. 2b) the first pass is submerged arc welded and serves as backing for the 
following pass with NVEBW. No filler material is used for this pass. 
 
Fig. 2. Comparison of the joint preparation, weld passes and welding sequence. 
For a plate thickness of 20 mm the number of passes can be reduced by 50 % and the required filler material can 
be significantly decreased by about 80 %. For a conventionally SAW joint the heat input lies in an average of 
14 kJ/mm. This can be extensively decreased to about 4.5 kJ/mm for the combination of NVEBW and SAW. 
2.2. Occurrence of weld defects 
When utilizing NVEBW to larger weld lengths (l = 700 mm) and work piece dimensions (btot = 500 mm), the 
weld section shows widely appearing crack-like defects. Investigating samples by the scanning electron microscope 
(SEM), the cracks in the beam dominated areas of the weld section are identified as solidification cracks. As shown 
in Fig. 3b) & c) the image reveals undeformed dendrites at the crack’s surface. These, along with their shape and 
their position in the center of the seam, are characteristic for solidification cracking. During fatigue testing the total 
proportions of these defects become obvious: Fig. 3d) presents the fracture surface where the defect can be easily 
located. This defect is a typical weld defect present in high-performance beam welds of thicker plates and therefore 
subject to current investigations and scientific discussion [4,5,6]. 
Welded joints of dynamically loaded structures have to pass normative regulations of level B according to 
DIN EN ISO 5817 for their manufacturing quality. The described inner cracks are intolerable and unallowable. By 
non-destructive testing like X-ray (very expensive) or conventional ultrasonic techniques, these cracks can hardly be 
detected and their dimensions cannot be specified. As only small defects lead to fatigue crack propagation inside the 
weld, the inadmissibility in standards for these weld defects is clearly confirmed. 
    
Fig. 3. a) Cracking present in the NVEB weld seam b) & c) SEM image of crack surface, d) fracture surface of fatigue tested samples. 
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What can be done to avoid these cracks? Answering this question is essential for the practical application of 
beam and hybrid welding processes which is currently subject to research. Investigated parameters which encourage 
the development of solidification cracks at the middle rip are the aspect ratio of the cross section. Critical are deep 
and slender molten pools as well as sulfur and phosphorus constituents as low-melting phases at the grain 
boundaries, and a disadvantageous residual stress state meaning high tension stresses during the solidification of the 
seam. In [7], successful strategies are shown to avoid solidification cracks for fine-grained steel of 30 mm thickness. 
Varying the welding sequence may already be helpful to minimize the risk for cracking. Since the first layer of 
SAW (see Fig. 2b)) causes restraints for the following layers in which high tension residual stresses can develop and 
propagate cracks easier. Thus, beside metallurgical aspects recent studies emphasized a high importance on the 
design and constructional details of the structure [8,9]. The matrix of parameters of future applications has to be 
investigated in more detail to ensure the safety of welded structure and to enable the application of these new 
welding procedures for large steel structures. 
2.3. Effects of solidification cracking on the ultimate and fatigue resistance 
At first, tensile tests of the defective welds were carried out. Although the defect reduces the load carrying cross 
section, it does not affect the maximum tension resistance of the weld. As prescribed by the standards for qualifying 
welding procedures, failure still occurs at the base material. The structural steel S355 has wide deformability; as a 
result maximum tension stresses positioned directly at the defect can be moved by plasticity. It shall be noted that in 
the case of high-strength or notch sensitive steels this might be different and failure might shift to the weld. 
In the case of fatigue resistance the testing results show completely different behaviour: The determined fatigue 
resistance is strongly decreased by the defect. However, before describing the test results in detail, some more 
information is given about the testing procedure. Conventionally submerged arc welded test specimen are 
investigated as a reference. The available fatigue test data for thick, welded plates is insufficient. Thus, these tests 
might also serve as a contribution for a better understanding of the fatigue resistance of thick welded joints. The 
welded components of series #1 and #2 fulfil the requirements of the quality level B according to DIN EN ISO 
5817. Details about the manufacturing of these test samples can be seen in [1]. Generally, it is considered that the 
same conditions during welding the test samples are adhered to. This is important when comparing the test results. 
The test program provides three series 
 
x Series #1: multi-pass SAW, t = 20 mm, S355 J2+N, 15 test specimen 
x Series #2: multi-pass SAW, t = 30 mm, S355 J2+N, 15 test specimen 
x Series #3: combination of SAW and NVEBW, t = 20 mm, S355 J2+N, 13 samples 
 
For determining S-N curves in the region of finite fatigue life, constant amplitude tests were carried out on three 
up to five load levels. The stress ratio is R = 0.1 and the test specimen are tested axially until total rupture. To reduce 
testing time, 2 million load cycles are defined as limit. The fatigue tests are evaluated according to the Background 
Document, Eurocode 3 [10] for a variable slope, see Table 1.  
Table 1. Evaluation according to Background Document of Eurocode 3 [10]. 
Test series Variable 
slope  m 
Characteristic fatigue 
resistance 'Vc,95% 
Characteristic fatigue resistance 
'Vc,95% 
   m = 3 m = 5 
 [-] [MPa] [MPa] [MPa] 
#1 SAW, t = 20 mm 4.60 136.4 77.1 144.7 
#2 SAW, t = 30 mm 4.46 151.7 107.9 159.1 
#3 NVEBW+SAW, t = 20 mm 3.67 73.3 52.7 98.1 
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The resulting S-N curves can be seen in Fig. 4. In comparison to the reference series #1 and #2, the withstanding 
stress range 'Vc at 2 million cycles for test series #3 is reduced significantly by about 40 %. The crack initiation of 
the defect-free welds can be observed at the weld toe, whereas for the defective samples the crack propagates 
immediately throughout the weld section at the weld defect. The stage of crack initiation is omitted.  
    
Fig. 4. Evaluation of the mean S-N curves of series #1, #2 and #3 with variable slope by linear regression; dimensions of the test specimen. 
As expected, the scatter of test results for the defective welds is high. Comparing the test series #1 (SAW t = 20 
mm) and series #2 (SAW t = 30 mm), a reducing effect on the fatigue resistance of increasing plate thickness 
according to DIN EN 1993-1-9 cannot be confirmed. It can be recognized that the slope m of the S-N curves are 
considerably flatter than m = 3, which is referenced according to S-N curve slope in Eurocode 3 (see also Table 1). 
A circular weld transversely loaded is classified as detail class 90. Both test series pass this regulation when 
regarding the evaluation with a constant slope of m = 5. The high scatter in the testing results for the test series #1 
can be explained by wide differences in the notch factor regarding both welded components from where the test 
specimens have been cut (see also Table 2). Due to the wide scatter of test results, the statistical evaluation lead to 
worse characteristic fatigue resistance 'VC,95%. 
3. Fatigue assessment by local approaches 
3.1. Combination of notch strain and crack propagation approach 
Basically, it is assumed that total fatigue life Nf of components consists of two major phases: crack initiation Ni 
and crack propagation Np. With regard to local effects at the fatigue critical detail, the number of cycles until a small 
crack with a depth of 0.5 mm and a width of 1.0 mm is initiated may be modeled by the notch strain approach, e.g. 
according to Seeger. This is presented in [11] and summarized in [12]. Three essential parts can be summed up to 
predict fatigue life until crack initiation.  
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1. Cyclic stress-strain behavior of the material  
2. Cyclic stress-strain history at the fatigue critical location/ notch 
3. Damage mechanism of the material 
The elastic-plastic strain amplitudes at the failure critical location of the component are compared with the strain-
life curve determined on a smooth test specimen under single-axis stress. This based on the assumption that the local 
deformation, damage mechanism and crack initiation of the material at the notch root is the same as for the smooth, 
axially loaded and smaller test specimen, regarding its global deformation, global damage and total failure. In the 
absence of experimental data the Uniform Material Law [13] is used to generate the needed input parameters to 
calculate fatigue life until crack initiation according to scheme in Fig. 5. 
The subsequent phase of crack growth is modeled by using linear-elastic fracture mechanics (LEFM), which 
describes and analyses the relationship between stress, crack and fracture toughness. The basic principle is that the 
area around the crack tip affects mostly the fracture process. Principles of LEFM are used to relate the stress 
magnitude and distribution at the crack tip. Because the stresses are of infinitive height, they cannot be used to 
analyze crack propagation. Therefore a complex parameter is introduced to describe the stress state at the crack tip, 
being the stress intensity factor K. This factor depends on the geometry of component and the crack length. Under 
cyclic loading, the stress intensity factor will experience cyclic as well. Among numerous empirical or semi-
empirical equations to relate fatigue crack growth rate and the stress intensity factor 'K, the Paris-Erdogan 
relationship is widely accepted and commonly used in practice for mode I cracks. 
mda / dN C K '           (1) 
where da/dN is the crack growth rate per cycle, 'K is the range of stress intensity factor, and m and C are 
material depend parameters. Approaches for calculating the stress intensity factor K are numerous and depend on 
the vicinity of the crack tip. Regarding the cracked surface of the failed samples of series #1 and #2 the stress 
intensity factor is assumed to be a quarter elliptical corner crack with a constant ratio of crack depth a to width c of 
0.5 [14]. This 2D stress situation is a relatively simple approach for modeling crack growth. A 3D model might give 
a more accurate description of the stress distribution at the crack tip, but that advantage is not considerable for crack 
propagation directly at the weld toe with crack surfaces vertical to the applied stresses. 
For the samples of test series #3 with the inner weld defect the stress intensity factor equation for a mid crack in 
an infinite plate according to the well-known model of Griffith [15], is a first assumption with acceptable agreement 
to the testing results. 
 
Fig. 5. Notch strain approach according to Seeger; scheme following [12]. 
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3.2. Influence of the notch geometry 
The notch factor Kt is an essential input parameter to consider the geometrical notch effect of the components. 
This factor describes the difference of the maximum stress at the notch ground Vk and the linear disposed nominal 
stress Vn as a ratio of both stresses. 
t k nK / V V           (2) 
Whereas Kt is independent of material but depends on the geometry and also the kind of loading. The weld 
geometry is a disturbance of the stress distribution and leads to an increase of stresses and the formation of a multi-
axial stress state at the weld toe.  
All tested specimens have been measured by two point-type laser sensors (Welotec, Type OWLF 4007 FA S1), 
which are oppositely arranged with a distance of 120 mm. These sensors record the sample’s bottom and top surface 
while it is moved with constant velocity through the laser arrangement. Each sample is scanned at least four times 
with 10 mm space on a length of 190 mm resulting in 40 measured points per millimeter. To implement the data in a 
2D linear-elastic FE-model in ANSYS£, the profiles have to be smoothed by moving average and afterwards have to 
be compressed to reduce the amount of input points. These operations may not have any effect on the results of the 
FE-analysis. On the one hand, the stress concentration may not be decreased artificially by smoothing; on the other 
hand signal noise has to be removed in order to avoid the appearance of stress concentration at locations, where they 
do not intend to be. The measured and prepared points are defined as so call ‘keypoints’ in the FE-model. 
Furthermore, a plane model of the weld section has been generated and for each measured profile the maximum 
notch factor is evaluated. To take the multi-axial stress state at the notch root into account the evaluation can be 
based on the first principal stress according to nominal stress hypothesis or the equivalent stress according to von 
Mises. For the presented investigations the equivalent stresses are applied to calculate the notch factor Kt. 
In Fig. 6 the evaluation of the maximum notch factors can be seen exemplary for the submerged arc welded 
components of 30 mm thickness. The results are presented separately for each of the two welded components 
SAW 30.2 and 30.3. Nine fatigue test specimens can be obtained of each component. For every sample the 
maximum notch stress of the four measured profiles is presented. The maximum values, and not the average ones, 
were knowingly chosen because fatigue is a local phenomenon, in which already small changes in geometry or 
metallurgy are decisive for the initiation of crack growth. It is notable that the scatter between the maximum and 
minimum values is high. Although one welded component is regarded there is not only one fatigue critical notch. As 
a tendency the 4th notch is decisive in most cases.  
 
Fig. 6. Maximum notch factors of four profiles evaluated for all critical locations (1, 3, 4, 6 – weld toe; 2, 5 – between two final passes). 
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Additionally, it should be noted that the notch between the final passes (Fig. 6, notch 2 and 5) can also show the 
maximum stress increase. The results of the fatigue tests confirm this observation, crack initiates not only at the 
weld toe but also between the two final passes. For practical applications, not only the weld toe should be taken into 
account for evaluating weld quality, but also the transition between the two final passes. During the fatigue tests on 
higher stress levels the location of the maximum notch factor and the location of crack initiation correspond very 
well. For lower stress levels this cannot be confirmed. For these stress regimes, the impact of the geometrical notch 
seems to be of minor importance. Fatigue tests of both, SAW test series 20 and 30 mm thickness, show this 
behavior. 
In Table 2 the averaged notch factors are shown for the submerged arc welded components. With an average Kt 
of 1.74 for 20 mm and 1.79 for 30 mm plate thickness both factors lie in the same region. An effect of different 
thicknesses cannot be derived. The scatter of the fatigue results for samples of series #1, which are represented by 
the S-N curve in Fig. 4, can be explained by the remarkable difference of Kt. 
Table 2. Compilation of the averaged values for Kt with related standard deviation. 
Welding component Average of 
maximum Kt 
Total 
average 
Standard 
deviation s 
Total s 
SAW, t = 20 mm (samples 1-9) 1.91 
1.74 
0.13 
0.22 
SAW, t = 20 mm (samples 10-18) 1.56 0.13 
SAW, t = 30 mm (samples 1-9) 1.73 
1.79 
0.14 
0.16 
SAW, t = 30 mm (samples 10-18) 1.85 0.16 
3.3. Analytical derived S-N curves by applying local concepts 
In the following the analytical determination of the S-N curves is shown by combining the notch strain and the 
crack propagation approach in the case the SAW samples. For the NVEBW samples only crack propagation is taken 
into account. Here, the stage of crack initiation can be avoided, because the inner weld defect leads directly to the 
stage of crack propagation. 
The Uniform Material Law is applied for structural steel S355 (yield strength fy = 355 MPa, ultimate strength 
fu = 495 MPa and Young’s modulus E = 210,000 MPa) to estimate the cyclic material properties. The material 
dependent input parameters for the crack growth equations (2) are also taken from literature. For comparing 
analytical derived fatigue life to the testing results mean values for C and m are needed. For the following 
estimations C = 1.1·10-13 mm/(MPa·(mm)-1/2)m with m = 3.1 are taken into account according to the guideline DNV-
OS-J101 [16] for welds in air. In order to calculate the maximum crack length ae not fracture toughness but the 
component thickness is considered. 
Series #1 and #2, SAW 
In Fig. 7, the left diagram plots the analytical derived S-N of series #2 (SAW t = 30 mm) in comparison to the 
testing results. For the analytical investigation by local fatigue concepts, two variations have been investigated: 
First, analysis with a constant notch factor Kt = 1.79 as average over the total of samples, second analysis with the 
maximum Kt related to each specimen. It can be seen when taking the scatter points of Kt into consideration the 
slope of the S-N curve draws nearer and the prediction of fatigue failure gets better. Overall, random variation of the 
input parameters might improve prediction accuracy significantly. Besides, it can be observed that the share of the 
stage of crack initiation increases with decreasing load level and notch factor Kt. 
Series #3, combination of SAW + NVEBW 
The crack length is an important input parameter of the crack growth equation. After the test specimen failed the 
inner weld defect can be measured exactly at the crack surface which shows mainly two different appearances. Fig. 
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3 d) shows the two characteristic crack constellations, one large continuous crack through the depth of specimen, or 
several closed, discontinuous cracks with an appearance similar to pores. Testing results and crack dimensions are 
listed in Table 3. The relation between maximum crack height and fatigue life can be easily seen; with increasing 
maximum crack height the fatigue life decreases. For calculating fatigue life three variations have been investigated: 
x Variation A: mid-crack in finite plate with width b = 20 mm, crack initiation length ai correlating to 
the maximum measured crack dimensions 
x Variation B: mid-crack in finite plate with width b = 20 mm, crack initiation length ai correlating to 
the average measured crack dimensions 
x Variation C: mid-crack in infinite plate, crack initiation length ai correlating to the maximum 
measured crack dimensions 
x Variation D: mid-crack in infinite plate, crack initiation length ai correlating to the average crack 
height 
Furthermore, the samples 20.1-1 and 20.1-7 are defect-free or the weld defect is so small that cracking still begins 
at the weld toe. That is why for these specimens the analytical solution is a combination of notch strain and crack 
propagation approach. The notch factor, also derived by measurements, is for 20.1-1 Kt = 2.0 and for 20.1-7 
Kt = 2.2. The stage of crack propagation is modeled as quarter elliptical corner crack according to [14]. For the 
evaluation of slope and fatigue resistance 'VC at 2 million load cycles the test 20.2-9 as run-out is not considered. 
Table 3. Testing results and measured crack dimensions. 
Testing results Crack dimensions Variation A Variation B Variation C Variation D 
No. 'V Nf Ø  hdefect 
max. 
hdefect 
Adefect Nf,A ' Nf,B ' Nf,C ' Nf,D ' 
[-] [MPa] [-] [mm] [mm] [mm²] [-] [%] [-] [%] [-] [%] [-] [%] 
20.2-14a 300 26,603 3.2 6.9 152.3 6,438 75.8 20,510 22.9 13,160 50.5 28,781 8.2 
20.1-6b 300 32,778 3.9 4.9 91.7 11,734 64.2 17,832 45.6 19,313 41.1 24,109 26.4 
20.1-4b 250 62,095 3.9 5.1 69.8 19,420 68.7 31,381 49.5 32,613 47.5 42,426 31.7 
20.1-5b 250 70,114 3.9 4.8 106.1 19,420 69.6 31,381 55.2 34,706 50.5 42,426 39.5 
20.2-11a 250 106,103 2.3 3.3 93.0 34,828 67.2 51,284 51.7 49,311 53.5 66,535 37.3 
20.1-1c 250 190,643 - - - 161,894 15.1 161,894 15.1 161,894 15.1 161,894 15.1 
20.2-12a 200 97,668 3.1 6.8 147.7 23,311 76.1 74,743 23.5 47,095 51.8 103,962 6.4 
20.1-8a 200 127,211 3.7 6.8 130.0 23,311 81.7 60,584 52.4 47,095 63.0 88,931 30.1 
20.2-15a 200 147,809 3.0 5.0 142.6 39,992 72.9 77,544 47.5 66,485 55.0 106,912 27.7 
20.1-2b 200 247,879 2.3 4.2 84.2 51,393 79.3 102,424 58.7 79,027 68.1 132,884 46.4 
20.1-7c 200 258,022 2.9 3.2 8.4 350,750 35.9 350,750 35.9 350,750 35.9 350,750 35.5 
20.1-3a 150 465,682 2.5 3.6 122.8 152,895 67.2 229,766 50.7 222,400 52.2 303,288 34.9 
20.2-9b 150 2,000,000 2.3 2.5 34.7 229,766 - 249,868 - 303288 - 324,177 - 
     average Ø 64.5 Ø 42.7 Ø 48.7 Ø 28.3 
 
a - continuous crack;  b – discontinuous cracks;  c - defect-free test specimen or/and crack initiation at weld toe 
 
According to the crack propagation approach the fatigue life is summarized in Table 3 and S-N curves for the 
variation A-D is shown in Fig. 7 on the right. Although the crack dimensions are measured, the selected equation for 
the stress intensity factor and the dispute over the decisive initial crack length, influence the results significantly. 
The best agreements to the testing results are shown for variation D by taking the average defect height into account. 
That the maximum crack dimension is responsible for fatigue crack growth seems to be too vague. Especially for the 
case of the specimen with discontinuous cracks, the crack does not only grow in only one direction as assumed, it is 
also grows in the lateral direction. Thus, the maximum stress intensity factor 'K is not automatically related to the 
maximum crack length. Material properties influence the crack growth significantly. However, the attempt of the 
flaw growth parameters C and m are associated with high uncertainties which of course directly influence the 
resulting fatigue life. 
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By improving the non-destructive testing methods, e.g. the ultrasonic phased array technique, it might be possible 
to get more detailed information about the defect dimensions and locations in the future. The application of the 
crack propagation approach is informative on how fatigue resistance is reduced and if it is tolerable for the structure 
in operation. 
 
  
Fig. 7. Test results in comparison to analytical derived S-N curves; left: Series #2, SAW t = 30 mm, right: Series #3, NVEBW t = 20 mm 
4. Summary 
For large and heavy steel structures, the requirements for a cost-effective and fast manufacturing process have 
increased in recent years. This in particular affects the welding technology. High-performance welding techniques 
like beam welding processes, urge the application of welding thick plates within fewer passes and with a significant 
reduction of filler material. However, difficulties still arise from the practical application to implement a 
reproducible and high quality weld. In this context, solidification cracks are a commonly observed weld defect. How 
these weld defects develop and how they might be avoided is still subject to research and development.  
Especially in the case of dynamically loaded structures these weld defects have to be avoided mandatory. They 
reduce the fatigue resistance significantly by 40% compared to conventionally submerged arc welded samples with 
a plate thickness of 20 and 30 mm. These investigated welds act as a reference and provide the opportunity to study 
the fatigue resistance of welded joints with higher plate thickness. The prediction of fatigue resistance can be 
improved by applying local fatigue concepts, e.g. the notch strain in combination with the crack propagation 
approach. The notch factor Kt is an important input parameter for the notch strain approach. Thus, for every tested 
specimen the Kt is determined on basis of laser measured profiles. When using the individual analyzed Kt of each 
test sample, good agreement between the analytical derived S-N and the experimental results can be observed. Thus, 
assuming random change of qualities which means not only geometry but also material strength, residual stress state 
and possible imperfections might help to improve the prediction quality of fatigue life considerably. 
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